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JATICNAL ADYISCRY COMNITTEE FOR AERONAUTICS

ADVAKCE RESTRICTEID REPORT

TZ878 OF INVERTED SPINS 'IX THB NAOA FREB-SPINNING TUNFELS

By George F, MaoDougall, Jr,

SUHHARY

Resul$s ars given of iavertsd—spin tests of 44 air-
Plane nodels in the XACA 15-foot and 30-feot fres—spinning
tunnele, The data indicated that spins nermally were
steep and rooovery by ruddsr reversal generally was rapid,
Pulling the stick back diminishsd the tendoney for the
nefols te opin., Duflecting uillerons and rudder tegzether
tended %o provent ths spin and erossing these eontrol
tonded te retard recevory. ;. , ’

.

IDTRODUCTION

Inverted—spin tests of mappreximately 50 airplane
medele. -havs beon uande ever a poried af soveral years in
the EACA 15-foot and 20-feet frse-spinaipng tunnels. The
duta for 44 of thaneo medels have bnen colloctod and are
prosented in the npreeent repert, 4 detniled analysis of
tho Zata 1is net made; hovever, several well-defined trends
are pointed eut., Speoinl ocaphaeis 1is #iven te the effects
of alleron deflection en thc recovery frem the spin do-
eauee relatively little attentien has bgsen given this
aspect in reported flight trats of inverted epins (rofer—
ences 1 and 2).

HODELS

The tyro and nass sharasteristics of tho sirplanee
for wvhioh modsl test results are presentod are givea in
tadle I, Tho medels reprosentod oonventional moneplanes
with tho oxeeption eof a diplane (N38-3), a tailloss air-
planc (XP=-56), and n oanard airplane (C¥24-3). Beocauso
both single—ongine and multiengine dosigns woro tested,
a vido range of mass dietridution was covorsd.

The sonstruotion of spin modole is desoridod in




dotail in referenee 3. The modols, censtrueted princi-
pally of dalsa, were dallasted fer dynamic similarity te
the cerresponding airplanc dy tho installaticn ef preper
wvelghts at suitadle locatiens. A remete—control mecha—
nism served to movo the rudder (er rudders) during the
recovery tests. The maximum angular defleetliens eof the
eoentrols used en oach model were tho sano as for the ailr-
plane ropresented.

Tho modols roprosonted tho airplanes ia the normal
loading conditien. Tor the tests heroin eensiderod, the
flaps were neutral and the landing gears vere retracted
exeept for tho airplancs wvith noanrotraetadles landing gear,

TXS8TI¥NG PROCEDURE

The tosting proeocdures in both tho NACA 18-foet and
tho KACA 20-feet freo~spinning tuannols ars essentially as
deseridbed in reference 3, V¥With tha olovator and ailerons
fixel in the dnsirod pesitions and with the ruddoer (or
rudders) sot full with the dosired spin, the medol is
lauvnohod by hand with an ianitial retatien in tho direetien
of tho spin, Rocoveries aro attoapted by a rapid roversal
of tao rudder (or ruddoers) from full vith the spin to full
against the spin. Photographie edservations are mado dur-
ing tho stoady spin of tho acute angle a bYotveen the
thrust axis and tho vortical (approximately equal to the
abdsolute value of the angle of attaek at the plane of sym—
metry)es TVisual and photegraphie observations are also
nade of tho aumbor ef turas fer rocevery ¥, vhich is
defined as tho aumder eof turns the spinaning modol makes
botween the time the centrels aro uovod and the time tho
spin rotation censos.

PREXCISICN

The angle & can be monsured within 1° and tho num-
ber of recovery turas within 1/4 turn, oxeept fer certain
cases in vhich the model is AdAifficult te handle in the
tunnel because of the wandering er escillatery nature of
tho spin,

Cornparison betveen =9del and airplane results for
erect 3pins (reference 3) indieates that, because of scale
and tunnel effoeots, lack eof detail in tho model, and dif-




ferences in teohniques, the spin-tunnel results are not
always in complete agreeient with results for the aotual
airplane, Yor a given loading oondition and oontrol eet-—
“ting, eomewhat smaller angleo of nttaek were gensrally
obtained with the nodels than with the airplanes. A eonm—
parison of free-—spirning wind-tunnel results with oorre—
sponding full-scals epin results (unpublished) showed thet
80- peroent of the model reeovery tests prsdioted satisfne-
torily the roooveries of the oorresponding nirplanes and
that 10 psroont ovorestimated and 10 peroent underesti-
nated the number of turns regquired for rsoovery ef the
airplanosy Although most. of the disorepansies bave re-
aninod uroxplained, it may be assumed that tho agroement
.vogld~be of the snme order for inverted spins.

‘

RESULTS A¥D DISOUSSION

Tho rosults of tho:.invorted-spin tests aro presented
in table II, in whioh the eontrol defleotions nre given
in terms of rudder—pedal and stick displacenents, In

-addition to tlie results for tests witi the normsl eontrol
oonfiguration for spinaing inverted - that is, ene rudder
pedal forwnréd, the stick neuiral lateraliy ‘and forward
lozgitudinally (radder full with spin, allerons neutral,
and elevntor up with respecet to tho ground) - reeulte are
also shovn for teats made with various oombinations of
full lateral and longitudinnl displacenents of ths oontrol
stick, . ’ ) :

Sffectr 6l _contro)l position.~ An examination of table
Il shows taa, epproxiumatoly 20 psroent of the models would
not spin inverted with the normal control configuration
for splnring ‘nvarted, The spine for all the xodels ex-—
cept oap were steep {sanll «'s) and reoovsries vere rapid
Theeo results were obtained probably beonuse, for a con—
ventional tail layout, mopt of the vertical tail surface
1s not shielded by the tnil plane when the model is spin-
ring inverted and the tail damping-power fnotor (referonce
4) 1. taersfore relativoly large, .Ths velues of this fac-
tor are_ given in tadle ! and nré eonsideradbly greater than
the minicum dssign valuo of 0,000150spocified in reference
4. Hoving the stiok rearward — that is, noving the ele-
vator down wigth respeet to the ground — tended to prevont
the invertgd spin, This result tends %o corroborate the
staternant zmads in reference 5 .that, when an airplane is

in an iavsrted epin, moviag the syiek rearvard will gonmer—
‘ally eause recovoéy.




Tho lateral displacement of the stick alsc had a pro-
necunced cffeoct con the tehavior of the mcdels in invertsd
spins, Sotting the contrcls tcgether (fig. 1) —~ that is,
stick right for a spin made with right rudder podal far-
ward (setting tho ailerons against the rotaticn of the
inverted mcdel) - gonerally prevented the inverted spin
regardless of the longitudinal locaticn of the stiock (ele~
vator deflootion). Orossing.the contrcls — that 1is,
stick left for a spin made with the right rudder pedal
forward (putting.the ailsrons with the spinning rotation
whon inverted) —~ however, had the cpposite effect, because
epins could then bde cbtained with all models., These spins
were scucwhat flatter and had slowver recoveries than spins
with tho stick neutral laterally, especially when the
stick was alsc forward, With tho stick left and forward
and tho right rudder pedal forward, reccvery by rudder re-~
versal alocne was inpcssidle in many ocases.

Balaticn Detvesn mess distridution and effect of

i s jnge~ It was concluded in ref-
erence 6 that, for ercct spins, the mass distriduticn of
the airplane is a primary factor in detormining the cffect
of allecron doflectiocni that is, for single-engine airplanes
with tho mass distributed mainly along the fusslage (monont
of inertia adbout Y-axis Iy appreciadly greator than that
adout XI-rxis Ix), recevory vas improved by setting the
contrels togother (ailerons with the spinning rotaticn
when erect). ZFor multiongine airplanes or feor the prosent-—
day single—engine airplangs with wing armament and wing
fuel tanks (Ix greater tham 1Iy), however, erossing the
ocontrols (nilerons against the spinning rotation vhen
eroct) had a faverabls cffect on recovsry.

Although the mcdels tsstod in invertgcd spins coveored
& wide range of mass distridbuticn, there was ne’ pocint at
which the effect of aileron deflecticn reversed. ZXYor all
the mecdols, setting the ccntrols together was bYeneficial
and crossing them was adversc., Although mass distridution
is & price factor in deternmining the effect of ailoron
deflection for grect spins, it appears tc bave, within the
linits of prescnt—day design, little influence on the ef-
foet of aileren deflection .in the iaverted spin.

APPLICATION T0 FULL-SCALE SPINXING

Although the model tcst results generally indioated
more rapid rceocvery from inverted than from ereot spins,




esveral conelderatione indicate that epinning airplanee
inverted may be ruolatively haeardous., Soms of She factore
involvod are 3 A .

(1) Decause of the high rate of dsecent indionted
by tho model teet reeulte, tho eontrol forces
ma’y de ¢0 high that the pilot emnnot dofloot

tho oontrole ae deeired. R

(2) Yiolent oscillatione of tho airplanoc may oon—
fuee tho pilot and prevont his making the
deeired oontrol movomonte.

Booauso of thoee poesidblo d4iffieultioce, precantions ehould
de takon to enadle tho pilot to move the oontrole to the
doeirod poeitione. Tho adility of tho pilot to move tho
controle can %o i-proved if properly adjueted safety dYolt,
choet A24 ehduldor harnees, and too etrape are ueod,

0OKCLUSIONS

Invortod-spin tcete of 44 modele in tho NACA 18-foot
and 20~foot froo—spinning-tunncle indioatod the following
conolueions

le Tho inverted epins woro usually etoop and thero—
fore tho rate of desoent wne relativoly high., FYor the nor—
mal oontrol poeition for spinning inverted (etiok latorally
neutral and longitudinally forward, rudder with tho epin),
reoovery by roverenl ol tho rudder alone genorally vae
rapid.

2¢ Pulling the etiek daok dizinishod the tendonoy for
tho modele to epin.

3, The aileron effeot was quite nmarkod. ZThe resulte
of the teete obdtainod with the xodels spinning inverted
indicated that, within the range of nass dietridution of
present~day airplanee, setting the controle together
(ailerone and rudder in the eame direotion) tended to pre-
vent the invertsd epin and croeeing these oontrole retard-
ed recovery from the invarted epin,

4¢ Booause of practical factore, inverted epine may
be bhasardcue and teete should be approached with eaution,

langley Hemoridl Aeronautical ladoratory,
Satiocnal Advisory Oomuittss for Asromautice,
Laagley ¥ield, Ya,.
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